A simple collection and separation of sulfide in bottom sediments using a small anion-exchange column followed by its spectrophotometric determination has been developed. Hydrogen sulfide, which was generated from an acidified suspension containing sulfide-bearing sediment, was collected on a small column packed with OH-type anion-exchange group (quaternary amine) bonded silica gel (OH-SP) by bubbling nitrogen gas through the solutions. The sulfide adsorbed on the OH-SP was eluted with a potassium nitrate solution, and then it was spectrophotometrically determined by the methylene blue method. The established method was successfully applied to bottom sediment samples taken from brackish Lake Nakaumi.
Introduction
Ir on sulfides are ubiquitous as monosulfides and/or pyrite in marine, brackish, and freshwater sediments. They usually exist stably only in anoxic aqueous environments, which are linked with water pollution. [ 1 ] On the other hand, sulfide in the sediments is often also combined with heavy metals as metal sulfide precipitates. The bioavailability of these metals in environmental waters depends on the existence of these free metal ions and the toxicity of the sediments is closely related to the activity of toxic metals in interstitial water. It is likely that sulfide in sediments plays an important role in controlling the toxicity of these metals in the sediments. [2, 3] Therefore, the determination of sulfide in the sediments is important for understanding oxidation-reduction level, and water and sediment quality in aqueous environments. In the analysis of sulfide in sediments, the sulfide is converted to hydrogen sulfide by treating the sediments with acid, such as hydrochloric acid, and the generated hydrogen sulfide is trapped in zinc acetate solution as zinc sulfide precipitate, followed by spectrophotometric or titrimetric determination. [4, 5] However, these methods are tedious and troublesome in trapping hydrogen sulfide. This paper describes a simple and rapid method for the collection and separation of sulfide in sediments followed by its spectrophotometric determination. This method is based on the won of hydrogen sulfide, which is generated from an acidified suspension of sulfide-bearing sediment, on OH-type anion-exchange group (quaternary amine) bonded silica gel (OH-type Sep-Pak QMA cartridge) and the elution of it with potassium nitrate solution through anion exchange processes. The established method was successfully applied to brackish lake sediments. 
Preparation of OH-type Sep-Pak
A OH-type Sep-Pak QMA cartridge (OH-SP) was prepared by successively passing 5cm3 of 0.25 mol dm-3 hydrochloric acid, 50cm3 of water, 5cm3 of 0.1 mol dnf sodium hydroxide solution, and 50 cm3 of water through a Sep-Pak QMA cartridge. Before use, 100 cm3 of nitrogen gas was passed through the OH-SP. The prepared OH-SP contained 0.045 mmol/cartrige of hydroxide ion as the result of anion exchange.
Standard procedure
The apparatus developed for the generation and collection of hydrogen sulfide from samples is illustrated in Fig. 1 . Sediment sample (0.1-0.2g), 50cm3 of water, and 2 cm3 of 3 mol dm 3 sulfuric acid were put into a 100-cm3 glass sample vessel, which was tightly closed with a rubber stopper equipped with a glass tube for introducing nitrogen gas and another glass tube connected with a OH-SP. By agitating the suspension containing the sediment with a magnetic stirrer and bubbling it with nitrogen gas at a flow rate of 60cm3 min-1 for 40min, the generated hydrogen sulfide was collected on the OH-SP. After the OH-SP was removed from the apparatus, its one end was connected with a glass syringe which contained 0.1 mol dm-3 potassium nitrate solution as an eluting solution and the other end with a vacant syringe. The sulfide collected on the OH-SP was eluted by passing 5 cm3 of the potassium nitrate solution in the syringe and directly introduced into the vacant syringe. After neutralization with dilute hydrochloric acid, sulfide in the eluate was spectrophotometrically determined with methylene blue method using the mixed diamine solution. [6] The experiments on the factors controlling the generation of hydrogen sulfide from sulfide solutions (20mg S dm-3), which did not contain any sediment, were carried out. The sulfide dissolved in a solution acidified with sulfuric acid (0.12 mol dm-3 sulfuric acid solution) was found to be quantitatively removed as hydrogen sulfide from the solution, when the solution was bubbled with nitrogen gas at flow rates of larger than 30 cm3 min-1 for Vol.14 Supplement (2003) longer than 20min. The optimal acidity for the removal of sulfide from the solution was in the range of 0.04 to 0.24 mol dm-3 of sulfuric acid solution under the condition of bubbling at nitrogen gas flow rate of 60cm3 dm-3 for 30min.
Collection and Elution
The collection of sulfide on a OH-SP from acidified solutions (0.12 mol dm 3 sulfuric acid solution) having 20 mg S dm-3 was made under the nitrogen gas flow rates of 40-80 cm3 min-1 and the bubbling time of 20-50 min. Then, the sulfide collected on the OH-SP was eluted with 5.0 cm3 of 0.1 mol dm 3 potassium nitrate solution. Figure 2 shows the effect of the flow rate and the bubbling time on the collection of sulfide. When the flow rate and the bubbling time are larger than 60 cm3 min-1 and longer than 30 min, respectively, the sulfide in the solution is quantitatively collected on a OH-SP and recovered, as seen from the recovery of higher than 94% in Fig.2 The efficiency of elution of sulfide from OH-SP was examined using potassium nitrate solution, which contained nitrate ion having strong affinity to anion exchange resin. When 0.1 mol dm-3 potassium nitrate solution was passed through a OH-SP retaining 1.0mg of sulfide-S, 5cm3 of 0.1 mol dm-3 potassium nitrate solution was sufficient to quantitatively elute. The sulfide retained on the OH-SP was readily eluted with 5cm3 of eluting solution even at a flow rate of 25cm3 min-1, that is, within 15 s.
Adsorption Capacity
The adsorption capacity of OH-SP cartridge for sulfide was determined by the breakthrough method as followed. Hydrogen sulfide generated from 50 cm3 of solutions containing various amounts of sulfide (10-40 mg S dm-3) was passed through OH-SP cartridges and hydrogen sulfide leaked from the OH-SP was introduced into zinc acetate solution to determine sulfide. The breakthrough was occurred above the amount of 1.25 mg sulfide•S. The excess amount of sulfide was perfectly leaked. Therefore, the adsorption capacity was 1.25mg S/cartridge (0.039 mmol S/cartridge ).
Hydrogen sulfide seems to be adsorbed on a OH-SP through a mechanism of anion exchange between hydroxide ion (OH-) and sulfide ion (S2-) or hydrogensulfide ion (HS-) on the adsorbent. A OH-SP has 0.045 mmol of hydroxide ion itself, as mentioned in the section 2.2. This cartridge can adsorb 0.039 mmol of sulfide as the absorption capacity. Thus, the anion exchange between hydroxide ion and sulfide or hydrogensulfide ion proceeds roughly at the mole ratio of 1:1. This corresponds to the following anion-exchange reaction between hydroxide ion and hydrogensulfide ion, where C-N+(CH3)3 is an anion-exchange site on the adsorbent: 
G-N(CH3)3OH+H2S --> C-N(CH3)3SH+H2O 3.4 Effect of other ions
For the purpose of applying the proposed method to sediments taken from brackish lake, the influence of the salinity on this method was examined using artificial seawater and its dilute solutions. Artificial seawater was prepared by dissolving 23.4g of NaCl, 4.981 of MgCl2, 3.917 g of Na2SO4,1.102g of CaCl2, 0.664 g of KCl, 0.192g of NaHCO3, 0.096g of KBr, 0.024 g of SrCl2 and 0.003 g of NaF in 1 kg of water, according to Lyman and Fleming's method. [7] In the salinity of lower than 5 psu, sulfide in solutions was quantitatively recovered However, in the range of higher than 5 psu, the recovery of sulfide was remarkably decreased. This decrease in the recovery was found to be due to bicarbonate ion containing in the saline solutions probably because of the competition of anion exchange adsorption on the adsorbent between hydrogensulfide ion and bicarbonate and/or carbonate ion. Other major cations, such as Nat, K+, Ca2+, Mg2+, and anions, such as CF. SO42-did not influence the determination at least up to the concentration of 1 g dm, respectively. 3,5 Analytical method for sulfide in sediment and its application to lake sediments
The experiment on the generation of hydrogen sulfide from 50 cm3 of acidified suspensions (0.04-0.24 mol dm-3 sulfuric acid solutions) containing 0.1g sediment, which was taken from brackish Lake Nakaumi, was carried out under the optimum conditions of the flow rate of nitrogen gas and the elution obtained for the collection and Figure 3 shows a good linear relation between the amount of sediment samples and the amount of sulfide-S in the sediment samples. This fact suggests a quantitative recovery of sulfide from the sediment samples. The analyses of two sediment samples taken from the most polluted water area in Lake Nakaumi in August and December were made. Sulfide content in one sediment sample (August) was 3.12mg S g-1 with a relative standard deviation (RSD) of 3.2% (n=5), and that in the other sample (December) was 2.44 mg S g-1 with RSD of 3.6% (n=5). 
